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ANTIMICROBIAL SUPERABSORBENT COMPOSITIONS AND METHODS 

This invention relates to compositions, nnethods of treatment and articles of manufacture, wherein there 
is employed an antimicrobial superabsorbent fonned of a cross-linked hydrophilic sodium salt form of a 
partially neutralized acrylic acid-based polymer gel having covalently tended thereto a sliane. for the 
purpose of providing the benefits of odor reduction, control of microbes and reduction of microbial rashi9s 
5 and allergies. 

Antimicrobial agents are chemical compositions that are used to prevent microbiological contamination 
and deterioration of products, materials and systems. Particular areas of application of antimicrobial agents 
and compositions are. for example, cosmetics, disinfectants, sanitizers. wood preservation, food, animal 
feed, cooling water, metalworking fluids, hospital and medical uses, plastics and resins, petroleum, pulp and 

to paper, textiles, latex, adhesives. leather and hides and paint slurries. Of the diverse categories of* 
antimicrobial agents and compositions, quaternary ammonium compounds represent one of the largest of 
the classes of antimicrobial agents In use. At low concentrations, quaternary ammonium type antimicrobial 
agents are bacteriostatic, fungistatic, algistatic. sporostatic and tuberculostatic. At medium concentrations 
they are bactericidal, fungicidal, algicldal and viricidal against lipophilic viruses. 

75 Absorbent polymers capable of absorbing from about thirty to sixty grams of water per gram of polymer 

^are- known, as is the use of such polymers in disposable diapers, sanitary napkins, surgical pads and bath 

mats, for example- A particulariy sought after property is Increased water absorbency. Polymers having this 
property often are referred to as hydrogels or superabsorbents. The nature and utility of superabsorbents 
are illustrated by U.S. Patent No. 4,449.977. According to this reference, a desirable feature of a 

20 superabsorbent is the presence of acrylate or methacrylate groups which can be salts, amides, esters or 
the free acids. Such absorbent polymers that possess, in addition to their superabsorbency characteristics, 
the property of antimicrobial activity, are not known, however. Therefore, in accordance with the present 
invention, it has been found that superabsorbent compositions which have antimicrobial properties can be 
formed, which possess the characteristics and advantages of both categories of the silicone quaternary 

25 ammonium salts as well as the acrylic add based water swellabfe super absorbent polymer compositions 
noted above. Thus, in addition to absorbing large quantities of fluids, the compositions of the present 
invention act in preventing microbiological contamination and deterioration of products, materials and 
systems. For example. 3-(trimethoxysilyl)propyldlmethyloctadecylammonium chloride, hereinafter referred to 
as TMS, is an effective antimicrobial agent in which the active ingredient hydrolyzes in water and reacts 

30 with substrates with which it is brought into contact These substrates demonstrate nonleachlng broad 
spectrum antimicrobial activity. By including an antimicrobial component in the water swellable absorbent 
composition, the benefits of both compositions are realized as against botii functioning Independentiy one 
from the other. Hence, the compositions set forth in the present invention possess unique features and 
advantages over existing antimicrobial treating agents and hydrophilic gels and provide Improved results 

35 tiiereover. Thus, the disadvantages of tiie prior art are overcome with tiie present invention wherein 
improved antimicrobial agents are provided. 

This invention relates to an antimicrobial superabsorbent composition of a crossllnked hydrophilic 
sodium salt form of a partially neutralized acrylic acid-based polymer gel having covalently bonded tfiereto 
a silane of the general formula 

40 Y3SiRN"R'R''R'X- 

where Y denotes a hydrolyzable radical, R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms. 
r'. r" and R" independentiy denote saturated or unsaturated hydrocarbon radteais containing 1 to 18 
carbon atoms, saturated or unsaturated organic radicals consisting of carbon, hydrogen and oxygen: 
carix>n. hydrogen and sulfur or carbon, hydrogen and nitrogen, and X denotes an anion. 
45 The silane can also be represented by the general formula 

Y3Si(CH2)mN*(CH3)2(CH2)„CH3X- 

where Y denotes a hydrolyzable radical, X denotes an acid anion, and where m + n is 1 6 to 23, m is 1 to 11. 
and n Is 9 to 17. Specific examples of compounds included thereunder are. for example, tiie silane 
represented by the formula 
so (CH30)3Si(CH2)3N*(CH3hCi8H37Cr 
and the silane represented by the formula 

(CH30)3Si(CH2)3N*(CioH2l)2(CH3)Cr 

The invention also relates to a method of Inhibiting tiie proliferation of potentially destructive microor- 
ganisms on a substrate by treating tiie substrate with an effective amount of an antimkjrobial superabsor- 
bent composition fomned of a crossllnked hydrophilk: sodium salt form of a partially neutralized acrylic acid- 
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based polymer gel having covalently bonded thereto a sliane of the general formula 
Y3SiRN*R R R*'X** 

where Y denotes a hydrolyzable radical. R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms 
r' r' and R- independently denote saturated or unsaturated hydrocarbon radicals containing 1 to 18 
carbon atoms, saturated or unsaturated organic radicals consisting of carbon, hydrogen and oxygen; 
carbon, hydrogen and sulfur: or carbon, hydrogen and nitrogen, and X denotes an anion. The composition 
can be in the fonnn of flakes, strips, powders, filaments, fibers or films. 

The im/ention further relates" to a method of reducing odor and simultaneously controlling diaper rash by 
the suppreslon of bacteria that attack urinary urea with the liberation of ammonia by impregnating the diaper 
fatric with an ^ective amount of a composition for controlling the spread of Infection, the compositon 
beinjan antimicrobial superabsorbent formed of a crossllnked hydrophiHc sodium salt fOrm of a partially 
neufraiized acrylic acid-based polymer gel having covalently bonded thereto a sliane of the general formula 
Y SIRN^R'R R*X"" 

where Y denotes a hydrolyzable radical. R denotes a divalent hydrocarbon radical with 1 to 8 carbon atoms 
R r' and R- independently denote saturated or unsaturated hydrocarbon radicals containing 1 to 18 
cartjon atoms, saturated or unsaturated organic radicals consisting of carbon, hydrogen and oxygen; 
carbon, hydrogen and sulfur: or carbon, hydrogen and nitrogen, and X denotes an anion. 

It is therefore an object of the present invention to provide compositions, mettipds of treatment and 
articles of manufacture, wherein there is employed an antimicrobial superabsorbent ♦°'™f of a cr^s^inked 
hydrophilic sodium salt fom, of a partially neutralized acrylic acid-based polymer gel having covalently 

''°'?fs*sol\bS'of the present invention to provide compositions, methods of treatment and articles 
of m^u?acture. wherein there is employed an antimicrobial superabsoriDent fomied of a crossl.nked 
Syd^oSi sijium salt form of a partially neutralized acrylic acld^ased polymer S^' ^a.lng «.vatentiy 
bondi thereto a silane for the purpose of providing the benefits of odor reduction, control of microbes and 

reduction of microbial rashes and allergies. „„,,^^ 

^ese and other features, objects and advantages, of the present invention will become apparent from 

the foilowtna detailed description of the invention. ... * 

Thrcompositions of the present Invention were prepafed In ^'V'l;^'^!^^^!^, 
,0 here inbelow and in the examples as well as in the Tables tabulating results thereof, the cornposiflon 
Wenified Ts ™s refers to a product manufactured by the Dow Coming Corporation as an antimicrobla^ 

active Ingredients by weight with methanol and having the formula 

^^"'^frllateri^roS^^^^^ manuf^red by the Dow Chemic^ Company and is a water 

swel^Dle S^oSenro a cartDoxylic polyeiectrolyte. This crosslinked hydrophilic sodium salt form of a 
p^SSly nS^^^d acrylic acid-'based Joiymer gel can be prepared by the ^^^^l^^'^ 
o^ate in U S Patent No. 3.966.679. issued June 29. 1976. to James R. Gross and assigned to the Dow 
S^V^mpany -1 m^^^^ DRYTECH<s> and TMS are otiierwise combined and reacted together In 

" "'Ce po^m\rm::eriTSR5^^ and holds large amounts of water in a geMike matrix. This 

gel.rweve;j:"nTdea. situs for microorganisms when some type of nutrient 'J^^PP^,«'^1°; ^^^^ 
dialers and sanitary pads, fluids are absorbed which contain heavy organic loads of potential nutnents 
SngTn antdeTenviroiiment for microbial growth. This can be offset by 'ncorpo-ting "^^S^ 

46 polym^ in a covatent bonding relationship an antimicrobial agent such as "^1^^^^^^?^"^^ 
oth«Yrise antimicrobial superabsorbent. The antimicrobial agent can be incorporated by addition of the 
aierrth^a^Sent poller during its manufacture or by addition of the agent to P° v;"^ 

?£ngits m^u?acture as a treated filler or by a non-aqueous treatment of the ^^^^^^"^^ 
SeTent in toluene. It has been found ttiat even ttiough tiie antimicrobial agent may be classified m a 

50 TdXblng age^^^ " does not function in the fashion of reducing m 

In fS me ael Srenath of the absorbent polymer as well as its salt tolerance are improved. In diapers and 
sai^Ji ^8 SSq thHompositions of the present invention, it has been found that such items 
pTssl^s 5^ ad^JTbenSfits of reduced odor. Improved contiol of microbes and the reduction of microbial 

55 ^'''?Se" Holr'oi"an aqueous sodium salt of bromphenol blue can be complexed with the cation of a 
polymerized Sill" tSs invention while i, is on a substrate. The blue .f^'^S ^^f^^,*;; 

w«ter rinse is Qualitatively indicative of the presence of the cation on the substrate ttius indicating me 
S^ir^timicrbl?^^^^^^^ on a given substrate. A comparison of tine intensity of retained blue cotor te a 



35 



3 



EP 0 341 951 A2 



color standard Is used as a check to determine if the treatment has been applied properly. 

The method consists of preparing a 0.02 tp. 0.04. weight percent solution of bromphenol blue in distilled 
water. This solution is made all<allne using a few drops of saturated NaaCOa solution per 100 milliliters of 
the solution. Two to three drops of this solution are placed on the treated substrate and allowed to stand for 
5 two minutes. The substrate is then rinsed with copious amounts of tap water and the substrate is observed 
for a blue stain and It Is compared to a color standard. 

For a spectrophotometric determination, the following test is used. 

The sodium salt of bromphenol blue is depleted from a standard solution by complexing with the 

cations on a treated substrate. The change in bromphenol blue concentration is detemnined spec- 
ie trophotometrically or by comparison with color standards whereby the level of substrate treatment by the 

cationic silane is determinable. 

The method consists of preparing a 0.02 weight percent standard solution of bromphenol blue in 

distilled water. It Is made alkaline with a few drops of saturated NaaCOa solution per 100 milliliters of. 

bromphenol blue solution. The color of this solution is purple. 
IS The blank solution is adjusted to yield a 10 to 12% transmittance reading when measured in 1 cm cells 

using a spectrophotometer set at 589 nm by the following method. 

Fill a container 3/4 full of distilled water and add 2 ml of the 0.02% standard bromphenol blue solution 

for every 50 ml of distilled water. Add 0.5 ml of a 1% Triton® .X*1 00 surfactant (manufactured by Rohm and 

Haas. Philadelphia. PA. USA) aqueous solution for every 50 ml of water. Mix. and using the spec- 
20 trophotometer. determine the maximum absorbance. Adjust the upper zero to 100% transmittahce with 

distilled water. Check the percent transmittance of the working bromphenol blue solution at the maximum 

absorisance setting. Adjust the blank solution to 10 to 12% transmittance with either water or bromphenol 

blue standard solution as necessary. 

The samples of treated substrate are tested by placing 0.5 gram samples of the substrate standards in 
25 a flask large enough for substantial agitatton of the sample and the test solution. Add 50 ml of the working 

solution. Agitate for 20 minutes on a wrist-action shaker. Fill the test curvette with the test solution. 

Centrifuge if particulate matter is present. Measure the % transmittance at the wavelength set forth above. 

The transmittance is compared against a standard curve prepared by preparing several substrate samples 

of known concentration of the cationic silane. For example, samples containing a known amount of cationic 
30 silane at. for example. 0%, 0.25%. 0.50%. 0.75% and 1% are read spectrophotometrically and a cun/e is 

plotted. 

The silanes useful in this invention also have the general formula 

35 (R0)3.^SiR"N ® R'''R''*'R ""x® and (R0)3.^SiR'NPh 

R'a R'a 

^ It should be noted that generically, these materials are quaternary, ammonium salts of silanes. Most of the 
silanes falling within the scope of this invention are known silanes and references disclosing such silanes 
are numerous. One such reference, United States Patent No. 4,259.103. issued to James R. Maiek and 
John L. Speier. on March 31. 1981, discusses the use of such silanes to render the surfaces of certain 
substrates antimicrobial. Canadian Patent No. 1,010,782, issued to Charles A. Rotti shows the use of fillers 

43 treated with certain silanes to be used in paints and the like to give antimicrobial effects. 

Numerous other publications have disclosed such silanes. namely. A. J. Isquith, E. A. Abbott and P. A. 
Walters, Applied Microbiology. December, 1972. pages 859-863. 

For purposes of this invention, the silanes can be used neat or they can be used In solvent or aqueous- 
solvent solutions. When the silanes are used neat, the Inventive process is preferably carried out in a 

50 system in which some small amount of water is present If it is not possible to have a system with some 
small amount of water present then a water soluble or water-dispersable, low molecular weight hydrolyzate 
of the silane may be used. What is important is the fact that ttie durability of any effect produced by the 
silane as part of a product requires that the silane molecule react with a surface to a certain extent The 
most reactive species, as far as the silanes are concerned. Is the -SIOH that is formed by hydrolysis of the 

55 alkoxy groups present on the silane. The -SiOH groups tend to react with the surface and bind the silanes 
to the surface. It is believed by the inventor even though the prime mode of coupling to the surface system 
is by the route described above, it is also believed by the inventor that the alkoxy groups on the silicon 
atom may also participate in their own right to bind to the isurface. 
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Preferred for this invention is a reactive surface containing some small amount of water. By "reactive", 
it is meant that the surface must contain some groups which will react with some of the silanols generated 
by hydrolysis of the silanes of this invention. ^ . « • 

R In the silanes of this invention are alkyi groups of 1 to 4 carbon atoms. Thus, useful as R in this 
5 invention are the methyl, ethyl, propyl and butyl radicals. R^pan also be hydrogen thus indicating the silanol 
form. i.e. the hydrolyzate. The value of a Is 0, 1 or 2 and R Is a methyl or ethyl radical. ^ 

r" for purposes of this Invention is an alkylene group of 1 to 4 cartjon atoms. Thus. R can be alkylene 
groups such as methylene, ethylene, propylene and butylene. R-. R and R^ 

selected from a group which consists of ali<yl radicais of 1 to 18 carbons. -CHzCeHs, -CH2CH2OH. -CH2OH 
10 and -(CH2)xNHG(0)Ry*. x'Has a value of from 2 to 10 and R^ is a perfluoroalkyi radical having from 1 to 12 
carbon, atoms. X is chloride, bromide, fluoride. Iodide, acetate or tosylate. Ph is phenyl. 
Prefenred for this invention are the silanes of the general fonnula 

(110)3, SiR''N®R'-R""R ^X® 
R'a 
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Wherein R is methyl or ethyl: a has a value of zero: R is propylene; R- is methyl or ethyl: R and R are 
selected from alkyl groups containing 1 to 18 carbon atoms wherein at least one such group is larger than 
eight carbon atoms and x is either chloride, acetate or tosylate. 

Most preferred for this invention are those silanes having the fonnula 
(CH30)3Sl(CH2)3N®(CH3)2Ci8H37Cr and 

(CH3O)3Si(CH2)3N®(CH3)(Cl0H2l)2Cr. ^ ^ .^^th^Ho Inr fh«ir 

AS indicated above, most of these silanes are known from the literature and methods for their 
preparation are known as well. See. for example. U.S. Patent 4.282.366. Issued August 4 1981: U.S. Patent 
4394.378. issued July 19. 1983. and U.S. Patent 3.661.963 issued May 9.1972. among others. 
Specific silanes within the scope of the invention are represented by the formulae: . 

(CH30)3SI(CH2)3N*(CH3)2Cl 8H37Cr, 

(CH30)3Si{CH2)3N*(CH3)2Ci8H37Br- 
(CH3 0)3 Si(CH2)3 N * (Ct 0 Hs 1 )2CH3 CP . 
(CH30)3Si(CH2)3N"{CioH2i)2CH3Br-. 
(CH30)3Si(CH2)3N*(CH3)3C|-. 
(CH30)3SiCH2CH2CH2P*(C6H5)3Cr, 
(CH30)3SiCH2CH2CH2P*(C6H5)3Br- 
(CH30)3SlCH2CH2CH2P''(CH3)3Cr, 
(CH30)3SiCH2CH2CH2P*(C6Hi3)3Cr. 
(CH30)3 Si(CH2)3 N ^CH3)2C4H9Cr . 
(C2 Hs 0)3 Si(CH2)3 N * (CH3)2 Ci s H37 Cr . 
(CH30)3Si(CH2)3N* (CH3)2CH2C€ HsCr. 
{CH30)3SI(CH2)3N*(CH3)2CH2CH20HCr, 
(HO)3Si(CH2)3N>hCr, 
(CH3 0)3 Si (CH2 )3 N * PHCr . 

(CH30)3Sl(CH2)3N*(CH3)2(CH2)3NHC(0)(CF2)sCF3Cr. 

^''^'SSSJ^^^^^^^ invention have a wide range of application including, for example, but 

not limited to. bandages, surgical tampons, sorptive dental rolls, catamenial tampons, sanitary napkins. 

ur^nals^n6erZ perspiration pads, breast pads, disposable hat bands <^.«3Posa^^ 
c iX issue wipes, pre-moistened towelettes. mattress pads, undersheets. dressings, facial tissues and of 
wo^en runwov^n m^^^^ and fabrics such as cotton, doth, rayon, nylon, wool, surgical gauze, buriap or 
paper. 
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Example I 



A mixture of five percent by weight of treated CAB^-SIL« and "ine^-five P«7"tby weight of 
DRYTECH* was prepared by combining in a container 19.17 grams of DRYTeCH* and 1.0 grams of CAB- 
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0-SIL® pre-treated with one percent by weight of TMS. The material CAB-0-SIL<H> is coiloidai silica particles 
manufactured by Cabot Corporation, Kokomo, Indiana. The ingredients were thoroughly mixed together in 
the container and blended with a magnetic stirrer on a hot plate set at low heat while maintaining agitation 
for thirty minutes. The product from the container was allowed to cool and gravity filtered and allowed to dry 
5 overnight at room temperature. The resulting powder In an amount of 0.5 grams was placed in fifty milliliters 
of bromophenol blue standard solution and agitated for about twenty minutes. Observations were made, 
based on color and the color was found to be purple-blue. The gel was dried to remove moisture and the 
powder was rinsed with tpluenejp determine if the treatment was durable. No purple-blue color was found 
to have b'eei;i, removed' by the toluene indicating that the treatment was durable. 

TO 

Example II 

A mixture of ten percent by weight of treated CAB-O-SIL® and ninety percent by weight of DRYTECHcs 
75 was prepared by combining in a container 22.5 grams of DRYTECH® and 2.5 grams of CAB-O-SIL® pre- 
treated with one percent by weight of TMS. The ingredients were thoroughly mixed together in the 
container and blended with a magnetic stirrer on a hot plate set at low heat while maintaining agitation for 
thirty minutes. The product from the container was allowed to cool and gravity filtered and allowed to dry 
overnight at room temperature. The resulting powder In an amount of 0.5 grams was placed in fifty milliliters 
20 of bromophenol blue standard solution and agitated for about twenty minutes. Observations were made 
based on color and the color was found to be blue. The gel was dried to remove moisture and the powder 
was rinsed with toluene to determine if the treatment was durable. No blue color was found to have been 
removed by the toluene indicating that the treatment was durable. 

Example lit 

A mixture of five percent by weight of treated aluminum chlorohydrate and ninety-five percent of weight 
of DRYTECH® was prepared by combining in a container 19.06 grams of DRYTECH® and 2.12 grams of 

30 aluminum chlorohydrate pre-treated with one percent by weight of TMS. The ingredients were thoroughly 
mixed together in the container and blended with a magnetic stirrer on a hot plate set at low heat while 
maintaining agitation for thirty minutes. The product from tiie container was allowed to cool and gravity, 
filtered and allowed to dry overnight at room temperature. The resulting powder in an amount, of 0.5 grams 
were placed in fifty milliliters of bromophenol blue standard solution and agitated for about twenty minutes. 

35 Observations were made based on color and the color was found to be purple. 



Example IV 

40 A mixture was prepared by combining in a container 134.44 grams of toluene, 19.34 grams of 
DRYTECH® and 2.42 grams of TMS. The Ingredients were thoroughly mixed together in the container and 
blended with a magnetic stin-er on a hot plate set at low heat while maintaining agitation for thirty minutes. 
The product from the container was allowed to cool and gravity filtered and allowed to dry overnight at 
room temperature. The resulting powder In an amount of 0.5 grams was placed in fifty milliliters of 

45 bromophenol blue standard solution and agitated for about twenty minutes. Ot>servations were made based 
on color and the color was found to be blue. The powder was dried, rinsed with toluene and found durable 
as in Example II. 

50 Example V 

A mixture was prepared by combining in a container 134.44 grams of Toluene. 20,0 grams of 
DRYTECH® and 0.125 grams of TMS. The ingredients were thoroughly mixed together in the container and 
blended with a magnetic stirrer on a hot plate set at low heat while maintaining agitation for thirty minutes. 
55 The product from the container was allowed to cool and gravity filtered and allowed to dry overnight at 
room temperature. The resulting powder in an amount of 0.5 grams was placed in fifty milliliters of 
bromophenol blue standard solution and agitated for about twenty minutes. Observations were made based 
on color and the color was found to be purple-blue. The gel was dried to remove moisture and tiie powder 
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was rinsed with toluene to determine If the treatment was durable as to the absorbent polymer. No purple- 
blue color was found to have been removed by the toluene indicating that the treatment was durable. 

5 Example VI . ' 

A mixture was prepared by combining in a container 134.44 grams of Toluene; 20.0 grams of 
DRYTECH® and 2.5 grams of TMS. The Ingredients were thoroughly mixed together in the container and 
blended with a magnetic stirrer on a hot plate set at low heat while maintaining agitation for .thirty minutes. 

,0 The product from the container was allowed to cool and gravity filtered and allowed to dry overnight at 
room temperature. The resulting powder in an amount of 0.5 grams was placed in fifty milHilters of 
bromophenol blue standard solution and agitated for about twenty minutes. Observations were made based 
on color and the color was found to be blue. The gel was dried to remove moisture and *9 powder was 
rinsed with toluene to determine if the treatment was durable as to the absoriDent polymer. No blue color 

IS was found to have been removed by the toluene indicating that the treatment was durable. 
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Example VII 

A mixture was prepared by combining in a container 134.44 grams of Toluene. 20.0 grams of 
DRYTECH® and 5.0 grams of TMS. The ingredients were thoroughly mixed together in the conteiner. and 
blended with a magnetic stirrer on a hot plate set at low heat while maintaining agit^on ^-'^y mmutes^ 
?he product from tt» container was allowed to cool and gravity Altered and a owed to dry ove rjght a^ 
raom temperature. The resulting powder In an amount of 0.5 grams was pla<^d .n fifty -^'"^tere of 
bromophenol blue standard solution and agitated for about twenty minutes. Observations were made based 
on To°or Td the color was found to be blue. The gel was dried to remove niolsture and Pqw^f «^ 
rinsed with toluene to determine if the treatment was durable as to the absorbent po^/mer. No blue color 
was found to have been removed by the toluene indicating that the treatment was durable. 

A cSitrol sample of DRYTECH® when treated alone in accordance with the foregoing procedures 
rendered a purple color. 

TABLE I 



35 



40 



45 



50 



55 



EXAMPLE 



1 
2 
3 
4 
5 
6 
7 

Control 



DRYTECH® CAB-O-SIL® 



•B. D 
•B,D 
•B. D 
•B.D 
C 



"D 

-D 

A,D 

C 

C 

C 

C 

C 



TMS 



COLOR 



purpie-blue 
blue 
purple 
blue 

purple-blue 
blue 
blue 
purple 



A* CAB-O-SIL® replaced with aluminum chlorohydrate. 

B- Toluene treated. 

C = No ingredient included. 

D = TMS durably bound. 

Control = DRYTECH® 



•= Ingredient included. 



A consideration of the foregoing results of the treated materials by bromophenol 
tabulated and set forth in Table 1 indicates that the treatments with the antimicrobial agent m Examples 2 4 
fand 7 Jlre hlgh^ as evidenced by the blue colon that the treatments with the ^^^^^^rot^^ 

agent in Exl^pl^ 1 and 5 were moderately effective as evidenced by the purple-biue colon and that the 
traatment evidencing a purple color was of little or no effect, including the control sample. 

lie an^^^^^^^^^ of a treated surface is evaluated by shaking a sample weighing 0.75 grams in 
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a 750,000 to 1,500.000 count Klebsiella pneumoniae suspension .for a one hour contact time. The 
suspension is serially diluted, both before and after contact and cultured. The number of viable organisms 
in the suspensions is detemnlned. The percent reduction based on the original count is determined. The 
method is intended for those surfaces having a reduction capability of 75 to 100% for the specified contact 

5 time. The results are reported as the percent reduction. 

Media used in this test are nutrient broth, catalog No. 0003-01-6 and tryptone glucose extract, agar, 
catalog No. 0002-01-7 both available from DIfco Laboratories; Detroit Michigan, U.SA. The microorganism 
used is Klebsiella pneumoniae American Type Culture Collection; Rockville. Md. U.S.A., catalog No. 4352. 
The procedure used for determining the zero contact time counts is carried out by utilizing two sterile 

10 250 ml. screw-cap Erienmeyer flasks for each sample. To each flasic is added 70 mi of sterile buffer 
solution. To each flask is added, asepticaliy. 5 ml of the organism inoculum. The flasks are capped and 
placed on a wrist action shaker. They are shaken at maximum speed for 1 minute. Each flask is considered 
to be at zero contact time and is immediately subsampled by transferring 1 ml of each solution to a 
separate test tube containing 9 ml of sterile buffer. The tubes are agitated with a vortex mixer and then 1 ml 

rs of each solution is transferred to a second test tube containing 9 ml of sterile buffer. Then, after agitation of 
the tubes. 1 ml of each tube is transferred to a separate sterile petri dish. Duplicates are also prepared. 
Sixteen ml of molten (42* C.) tryptone glucose extract agar is added to each dish. The dishes are each 
rotated ten times clockwise and ten times counterclockwise. The dishes are then incubated at 37* C. for 24 
to 36 hours. The colonies are counted cons idering only those between 30 and 300 count as significant 

20 Duplicate samples are averaged. The procedure used for determining the bacterial count after 1 hour is 
essentially the same as that used to determine the count as the zero contact time. The only difference is 
that pour plating is perfomied at the 10° and 10-^ dilutions as well as the lO"^ dilution. "Percent reduction" 
is calculated by the formula 

25 B+C 

%R ~ 2 ^ ^ 100 

B+C 
2 

where A is the count per milliliter for the flask containing the treated substrate: B is zero contact time count 
per milliliter for the flask used to determine "A" before the addition of the treated substrate .and C is .zero 
contact time count per milliliter for the untreated control substrate. 

35 The microbiological efficacy of the compositions of the present invention was determined as noted 
above. The antimicrobial activity of treated surfaces of the compositions was, however, evaluated by 
shaking samples in a 750.000 to 1.500,000 count Escherichia coll and Klebsiella pneumoniae suspension for 
a one hour contact time. The suspension was serially diluted both before and after contact and cultured. 
The number of viable organisms In the suspensions was determined. The percent reduction based on the 

40 original count was also determined. The results and data of the antimicrobial activity dynamic surface 
testing conducted are set forth In the Tables II and 111 hereinbelow and indicating that the compositions are 
antimicrobially active in their nature and function, in addition to performing as superabsorbent materials, and 
that the microorganisms were substantially reduced in number. Accordingly, the antimicrobial activity of the 
compositions of the present invention was rated excellent. 

4S In the Tables, tiie growth was rated from (-) for no growth, < + ) for 1-100 colonies, (+ +).for 100-300 
colonies and { + + +) for colonies too numerous to count. The test system employed consisted of seventy- 
five milliliters of diluent pre-inoculated with approximately 15,000 CFU per milliliter. Samples to be tested 
were added at the rate of one-half of one gram per seventy-five milliliters. Standardized sub-samples were 
prepared with a sterile swab and plated on TGE agar. 
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TABLE II 



ESCHERICHIA COU PHOSPHATE 
BUFFER 


SAMPLE 


TIME IN HOURS 


0 


1 * 


24 


4 


+ + + 


+ + + 


+ + + 


5 


+ + + 


+ + + 


+ + + 


6 


+ + + 


+ + + 


+ + 


7 


+ + * 


+ + + 


+ 


Control 


+ + + 


+ + + 


+ + + 


TMS 


+ + + 


+ + + 


+ 



TABLE 111 



KLEBSIELLA PNEUMONIAE 



SAMPLE 


PHOSPHATE BUFFER 


0.85% SALINE 


TIME IN HOURS 


TIME IN HOU 


RS 


0 


1 


24 


0 


1 


24 


4 


+ + + 


+ + + 


+ + + 


+ + + 


+ + + 


+ + + 


5 


+ + + 


+ + + 


+ 


+ + + 


+ + + • 


+ + + 


6 


+ + + 


+ + + 


+ 


+ + + 


+ + + 


+ 


7 


+ + + 


+ + + 


+ 


+ + + 


+ + + 


+ 


Control 


+ + + 


+ + + 


+ + + 


+ + + 


+ + + 


+ + + 


TMS 


+ + + 


+ 


+ 


+ + + 


+ + + 


+ 



It will be apparent from the foregoing that many other variations and modifications may be made .n the 
structures, compounds, compositions, articles of manufacture and methods descnbed ^J^ ;;'^^ 
deJSSng subst^tially from the essential features and concepts of the present Invention. Accwd'"9'y' « 
shoM be clearly understood that the forms of the invention described herein are exemplary only and are 
not Intended as limitations on the scope of the present invention. 



Claims 

1. An antimicrobial superabsorbent composition comprising a hydrophilic gel having covalently bonded 
thereto a silane of the general formula 

wherv denoteTl hydrolyzable radical. R denotes a divalent hydrocart^on radical with 1 to 6 car^" atoms 
R' R- and R- independently denote saturated or unsaturated hydrocartDon radicals containing 1 to 18 
caibon ^oms. saturated or unsaturated organic radicals consisting of cart>on. hydn,gen and oxygen: 
carbon hvdrogen and sulfur; or carbon, hydrogen and nitrogen, and X denotes an ankwi. 

I. aIi ^microbial superabsorbent composition comprising a crossBnl^d hydrophilic polymer gel 
having covalently bonded thereto a silane of the general formula 

ISrv SenoS^ hydroiyzable radical. R denotes a divalent hydrocarbon^dlcal with 1 to 6 J^o^^^' 
H' H' and R" independently denote saturated or unsaturated hydrocarbon radicals containing 1 to 18 
carbon ^oms. saturated or unsaturated organic radicals consisting of carbon, hydrogen and oxygen, 
carbon, hydrogen and sulfun or carbon, hydrogen and nitrogen, and X denotes an anion. 

3 aIi ^timicrobial superabsortjent composition comprising a crossllnked hydrophilic acrylrc-based 
polymer gel having covalently bonded thereto a silane of the general formula 
Y3SiRN*R'R'R"X- 
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where Y denotes a hydrolyzable radical, R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms. 
r', r" and R* independently denote saturated or unsaturated hydrocartx)n radicals containing 1 to 18 
carbon atoms, saturated or unsaturated organic radicals consisting of carbon, hydrogen and < oxygen: 
carbon, hydrogen and sulfur; or carbon, hydrogen and nitrogen, and X denotes an anion. 
5 4. An antimicrobial superabsorbent composition comprising a crosslinlced hydrophilic sodium salt form 
of a partially neutralized acrylic acid-based polymer gel having covalently bonded thereto a sllane of the' 
general formula • * 

YaSiRN^RVR-X- ' ' 

where Y denotes a hydrolyzable radical. R denotes a divalent hydrocarbon radical with 1 to 6 cartx)n atoms. 
70 R, R* and ri* independently denote saturated or unsaturated hydrocarbon radicals containing 1 to .18 
carbon atoms, saturated or unsaturated organic radicals consisting of carbon, hydrogen and oxygen; 
cartran. hydrogen and sulfur; or carbon, hydrogen and nitrogen, and X denotes an anion. 

5. The method of inhibiting the proliferation of potentially destructive microorganisms on a substrate 
comprising treating the substrate with an effective amount of an antimicrobial superabsorbent composition 

IS formed of a crosslinked hydrophilic sodium salt form of a partially neutralized acrylic acid-based polymer 
gel having covalently bonded thereto a silane of the general formula 
Y3SiRN"RR''R-X- 

where Y denotes a hydrolyzable radical. R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms. 
r'. r' and R" independently denote saturated or unsaturated hydrocarbon radicals containing 1 to 18 
20 carbon atoms, saturated or unsaturated organic radicals consisting of carbon, hydrogen and oxygen; 
cartx)n, hydrogen and sulfur; or carbon, hydrogen and nitrogen, and X denotes an anion. 

6. The method of reducing odor and simultaneously controlling diaper rash by the suppression of 
bacteria that attack urinary urea with the liberation of ammonia comprising impregnating the diaper fabric 
with an effective amount of a composition for controlling the spread of infection, the composition being, an 

25 antimicrobial superabsorbent formed of a crosslinked hydrophilic sodium salt form of a partially neutralized 
acrylic acid-based polymer gel having covalently bonded thereto a siiane of the general formula , 
YaSiRN^RR^R-X- 

where Y denotes a hydrolyzable radical. R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms, 
r'. r" and R*" independently denote saturated or unsaturated hydrocarbon radicals containing 1 to 18 
30 carbon atoms, saturated or unsaturated organic radicals consisting of cartoon, hydrogen and oxygen: 
carbon, hydrogen and sulfur; or carbon, hydrogen and nitrogen, and X denotes an anion. 

7. An article of manufacture comprising an antimicrobial superabsorbent composition comprised of a 
crosslinked hydrophilic sodium salt form of a partially neutralized acrylic acid-based polymer gel having 
covalently bonded thereto an organosilane having the general formula selected from the group consisting of 



35 
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(RO)- ^SiR' ^N®R" ^R" • ^R^X® 
K 

(ROg.^SiR* 'MPh X*^ 



wherein, in each formula, 

R is an aikyi radical of 1 to 4 carbon atoms or hydrogen; 

a has a value of 0, 1 or 2: 

r'^ is a methyl or ethyl radical; 

R* is an alkylene group of 1 to 4 carbon atoms: 

R', r"" and R'' are each independently selected from a group consisting of alkyi radicals of 1 to 18 carbon 
atoms. -CH2C6HS. -CH2CH2OH. -CH2OH and -(CH2)xNHC(0)R^. wherein x has a value of from 2 to 10 and 
R"^ is a periluoroalkyi radical having from 1 to 12 carbon atoms; 
X is chloride, bromide, fluoride. Iodide, acetete or tosylate; and 
Ph is phenyl. 
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1, A composition capable of absorbing an 
aqueous liquid which composition comprises a fuiictionally 
effective amount of a swellable addition polymer comprising, 
in polymerized form, (a) a major portion of at least 
one water-soluble monomer, (b) a minor portion of at 
least one water- insoluble monomer having a pendant 
hydrophobic moiety, and optionally, (c) a minor portion 
of a cross linking moiety in an eunount sufficient to 
provide gel strength to the polymer; which polymer is 
polymerized in the presence of at least a micelle ^ 
forming amount of a surfactant composition containing ^ 
at least one ionic surfactant; and which polymer is . *n 
capable of undergoing hydrophobic association through ^ 
hydrophobic groups of said polymer such that said ^ 
polymer is swellable "but not readily soluble in the ^ 
presence of an aqueous liquid when said polymer is in TO 
intimate contact with an amount of surfactant, if any, 
which is less than that amount of surfactant which will 



s 



solubilize said polymer in said aqueous liquid- ^ 

2. The composition of Claim 1 wherein 
said polymer comprises, in polymerized form, from 90 
to 99.995 mole percent of at least one water-soluble 
monomer, and from 0.005 to 10 mole percent of at least 
one monomer having a pendent hydrophobic moiety. 
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3. The composition of Claim 1 wherein said 
polymer additionally comprises, in polymerized. form, 
from 0 to 50,000, ppm* of crosslinkable monomeir. 



r r 

4. The composition of Claim 3 wherein said 
crosslinkable monomer is a polyvinyl monomer. 

5. A composition of Claim 1 wherein said 
monomer having a pendant hydrophobic moiety is derived 
from the reaction of alkanols having from 4 to 20 
carbon atoms with an ethylenically unsaturated carboxylic 
acid. 

6- A composition of Claim 1 wherein said 
monomer having a pendant hydrophobic moiety is an 
alkyl acrylate or alkyl methacrylate wherein alkyl has 
from 4 to 20 carbon atoms. 

7. The composition of Claim 1 containing 
a functionally effective cunount of an inorganic col- 
loidal support. 

8. The composition of Claim 7 comprising 

from 20 to 100 weight percent polymer and from 0 to 80 ® 
weight percent colloidal support, based on the weight Of 
of the polymer and colloidal support, ^ 
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CLAIMS: 



1. A composition of matter, comprising a cohesive mixture of an 
acrylate or starch-acrylate absorbent gelling material a' 
water.sol.ble or water-disperslble binder material selected 'from 
the group consisting of hydroxyproply celluloses, hydroxyethyl 
ce « OSes.- hydroxymethyl celluloses. C1-C3 aUyl-subst u . 
celuloses maltodextrin. and mixtures thereof. and a 
2rZ ^9ent which comprises actiavted 

carbon and a memeber selected from the group consisting of 

iTnTn ""^^'^^ 'atio 

S 02/A 102 from 2 to 10. high ratio Si02/AlO2 zeolites having a 
S1O2/AIO2 ratio above 35. and mixtures thereof. 

f 

2. A composition according to Claim 1 wherein the binder mater- 
ial is hydroxypropyl cellulose. 

3. A composition according to Claim 1 in the form of particles 
having an average size, by sieve analysis, greater than 100 
microns, preferably comprising at least 20% by weight of said 
odor-controlling agent. 

4. A composition according to Claim 3, comprising a cohesive 
mixture in the form of particles, said particles having a size by 
sieve analysis, greater than 200 microns, said particles 
comprising: ho. ui^ies 

(a) at least 20% by weight of said particulate 
odor-controlling agent comprising a mixture of activated 
carbon and one . or more of said intyermediate rati'o or 
high ratio zeolites, or mixtures thereof- 

(b) at least 40% by weight of said absorbent gelling 
material; and. 

a water-soluble or water-d1spersi*le hydroxypropyl 
cellulose binder material. 
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